Leather can be defined as a protein based fibrillary network, which consists mainly from collagen. The look, length and thickness of these fiber bundles are different in various organs of the body. Thus, leather is not a uniform material from a structural perspective and the properties of a leather piece depend on the position and direction over its area. The aim of this study was to measure some physical properties of goatskin leathers such as tear load, tensile strength and extension over the whole area and to draw maps showing regional variations. For this aim, whole the surface areas of 12 goatskin leathers have been sampled. Thickness, tear load, tensile strength and extension at break values of each sample have been measured and recorded. Then maps were drawn by using MATLAB (Matrix Laboratory) software that allows matrix manipulations, plotting of functions and data. The findings showed that the tear load, tensile strength and extension properties change directionally and locational over the area of the leather. These maps will provide information for usage area of the leathers especially for cutting in footwear production.
INTRODUCTION
Depending on the fields of use, specific performance characteristics are expected from the leathers (Urbanija et al., 2004) . Especially special mechanical performance properties are expected from shoes, which carries the body weight and related with comfort and health.
When choosing a good leather product and evaluating its quality, people always pay close attention to its handle character, although its physical-mechanical properties contribute to capability of withstanding wear (Xiao-Lei et al., 2006) . Also the shoe upper leathers are affected by foot movements and must protect foot from outer impacts. Physical resistance of shoe upper leathers should be high if the quality is desired.
Leather processing can simply be defined as, modification of hides/skins by a sequence of chemical and physical treatments. Various physical, chemical and fastness properties are required from leather products depending on their field of use . Leather is an intermediate industrial product with numerous applications in downstream sectors. It can be cut and assembled into shoes, clothing, leather goods, furniture and many other items of daily use (Joseph et al., 2009 ). However leather is not a uniform material from a structural perspective. The physical properties of leather change depending on the animal type and the animal individually. Furthermore these properties exhibit variations in different parts over the leather area .
The aim of this study is to measure physical properties such as tear load, tensile strength and % extension of goat shoe upper leathers over the whole areas in both directions: perpendicular and parallel to the backbone and to compare the results and to draw maps showing distributions of physical properties that can give information on cutting of leathers for shoe production with the aim of achieving high quality.
MATERIAL AND METHOD

Material
• 12 chromium tanned goatskin leathers obtained from a shoe upper leather manufacture company, • Hydraulic press and press knives for cutting leather specimens, • Satra-Thickness gauge for thickness measurement of leather specimens, • Shimadzu AG-IS Tensile Tester and Trapezium-2 software for testing physical properties, • MATLAB R2012b software for drawing maps of strengths and extensions.
Method
The test samples were conditioned according to TS EN ISO 2419, at 23 ± 2°C and 50% ± 5 RH (Anonymous 2015). The thicknesses of test samples were measured according to TS 4117 EN ISO 2589 standard (Anonymous 2016a) by using SatraThickness gauge. Physical properties of leather samples were determined by using The samples were taken perpendicular to the backbone line from 3 leathers and parallel to the backbone line from the other 3 leathers for both tests. Numbers of samples are given in Table 1 .
Each sample was coded regarding to its position over the leather area. Tear load, tensile strength and % extension data were entered into MATLAB spreadsheet cell according to its original position. Then the maps of strengths and percentage of extensions were plotted by using the "Contour Plots-contourf" function in MATLAB. 
RESULTS AND DISCUSSION
The minimum, maximum and mean values of thickness and tear load measurements for the samples are given in Table 2 . The mean thickness values are between 1.06-1.10mm. When the data are compared, it is seen that tear load results of perpendicular samples are higher than parallel samples. UNIDO recommends a minimum of 30 N of tear load for shoe upper leathers. The tear load results of goat shoe upper leathers are compatible with the acceptable quality standards advised by UNIDO (1996) . The minimum, maximum and mean values of thickness, tensile strength and percentage extension measurements for the samples are given in Table 3 . The mean thickness of leather samples are between 0.92-1.03mm. When the data are compared, the tensile strength results of perpendicular samples are higher than parallel samples. UNIDO recommends a minimum 20 N/mm 2 of tensile strength of shoe upper leathers. The tensile strength results of goat shoe upper leathers are compatible with the acceptable quality standards advised by UNIDO (1996) .
Tensile-elastic properties or elasticity is defined as a property where a body tends to recover to its original state after being deformed. If a body is affected by a force this can lead to certain stresses in the body causing its deformation, i.e. extension (Urbanija et al., 2004) . The elastic properties of shoe materials are important in two ways. The first one is the extension of material with the feet movement which provides comfort to the user. The second one is the extension needed in production of shoes in lasting process. These extensions should be in limits so that no damage would occur in the shoe material.
It is observed that there is a significant difference in percentage of extension depending on the sampling direction (Table 3 ). The mean extension percent of parallel samples are % 39.41 and higher than the mean extension percent of perpendicular samples, which is % 28.68. Thanikaivelan et al. (2006) have investigated that maximum breaking load and percentage extension at break values of the shoe upper leather tested at various gauge lengths for the dumbbell specimens in both parallel and perpendicular directions to the backbone and the percentage extension of perpendicular and parallel to the backbone found as 44 % and 45 % at 9.53 cm gauge length respectively. The directions of maximum and minimum stretch in the area now recognized as the "Official Sampling Position" (OSP) run respectively parallel and perpendicular to the backbone. However across the rest of the hide the direction of minimum and maximum values varies. The maximum values run more or less in the direction of the hair follicle, as this roughly follows the direction of the underlying fiber structures (Daniels, 2007; Mutlu et al., 2014) . The mean tensile strength values vary in the range of 5.47-40.14 N/mm 2 and 5.79-34.65 N/mm 2 for perpendicular and parallel samples respectively. This means 7 times strength variations over the area for the same leather. The tear load values vary in the range of 31. 78-112.43N and 32.68-101.47N for perpendicular and parallel samples respectively. UNIDO standards are 20N/mm 2 for tensile strength and for tear load 30N. So, the same leather can meet or fail the quality standards depending on the region of sampling.. Fig.2-4 shows the maps of the means of tear load, tensile strength and percentage of extension values over the area of whole goat skin leathers. 
CONCLUSIONS
From the results of this study following conclusions were concluded:
• Shoe upper goat leathers have different physical properties depending on the direction of sampling. Tear load and tensile strength are higher when the samples are perpendicular to the backbone line. However percentages of extension at break values are higher when the samples are parallel to the backbone.
• Shoe upper goat leathers have different physical properties depending on the location of sampling. Tear load, tensile strength and percentage of extension values can vary up to three, seven and ten times respectively depending on the sampling location.
• When the maps are observed, the tear load and tensile strength are higher at the sides of backbone line of leathers and decrease gradually moving to the edges. The backline, neck and tail areas are also weaker.
• The physical tests of leathers are done with the samples taken from standard sampling location (TS EN ISO 2418 but, even for a leather which can pass the quality tests, its weak areas can fail the quality.
• The pattern cutter should be aware of the change of leather properties depending on the cutting location and direction and should place the patterns considering the forces they would subject to during the usage. These maps of physical properties can be guiding for the shoe pattern cutters and thus provide information to make higher quality shoes.
